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已经有研究表明 HSP90 和 AMPK 在体内存在着某种联系，然而还未见
HSP90 与 AMPK 存在直接相互作用的报道。在本文中，我们通过 HSP90 的体外
ATP 酶活实验、ForteBio OctetRed 实验、BIAcore 实验和 GST Pull Down 实验发
现了 HSP90 和细胞能量代谢过程中的关键酶 AMPK 存在较强的相互作用,其中
Fortebio OctetRed、BIAcore 实验中得到二者的解离常数均约为 10-8 mol/L,并通过
对 HSP90 的区段和 AMPK 的 α、γ 亚基及截短的 α 亚基片段之间的 ForteBio 
OctetRed 实验发现 HSP90 的 N 端、M 端、C 端与 AMPK 的 α、γ亚基均存在较
强的结合作用，解离常数均约为 10-8 mol/L，其中 HSP90 与 AMPKα亚基的亲和
力略高于 AMPKγ亚基，HSP90 N 端结构域与 AMPK 的亲和力略高于 HSP90 的
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的主要区域。将 AMPKα截短至催化区域的 1-200 位氨基酸，发现其仍能与 HSP90
发生特异性结合，揭示二者之间的结合位点中一定有某个或某几个结合位点位于
AMPKα 亚基催化区域的前 200 个氨基酸中。在研究 HSP90 和 AMPK 的相互作
用的同时我们尝试引入小分子化合物，初步探讨了小分子化合物对二者相互作用
的影响，ForteBio OctetRed 先后结合系列实验中显示同时与 HSP90 和 AMPK 存
在较强结合作用的化合物 Gambogic acid 和 a1 会干扰 HSP90 与 AMPK 之间的相
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Abstract 
 
    HSP90 (heat shock protein 90) is a molecular chaperone and is one of the most 
abundant proteins expressed in cells. It is a member of the heat shock protein family, 
which is upregulated in response to stress.HSP90 consists of four structural domains：
a highly conserved N-terminal domain (NTD),a middle domain (MD),a "charged 
linker" region that connects the N-terminus with the middle domain and a C-terminal 
domian(CTD). It serves to stabilize and correctly fold multiple significant client 
proteins associated with cell proliferation and cell survival. However, little is known 
about the HSP90 client proteins that regulate cell metabolism. 
The AMP-activated protein kinase (AMPK) is a kind of serine/threonine kinase  
and termed as "the master regulator of cellular energy metabolism", is a key 
modulator of energy homeostasis. The heterotrimeric protein AMPK is formed by α, 
β,and γ subunits.Once activated by an increasing cellular ADP:ATP ratio, AMPK 
switches off ATP-consuming processes and switches on ATP-producing processes.  
Here,we found the novel interaction between HSP90 and AMPK by the 
experiment of HSP90's ATPase activity in vitro, Fortebio OctetRed, BIAcore and GST 
pull down assay. The KD value of the interaction obtained by means of Fortebio 
OctetRed and BIAcore was 10-8 mol/L,which indicated the binding of HSP90 and 
AMPK is strong. We also used Fortebio OctetRed instrument to detect the binding 
between the three domains (NTD/MD/CTD) of HSP90 and the AMPK α/γ subunits as 
well as some truncations of α subunits of AMPK , which helped us finding that the 
three domains of HSP90 could all bind to AMPKα and AMPKγ with strong affinity, 
those KD values were similar to the full-length HSP90 with full-length AMPK. 
Compare those KD values,we found that the binding affinity between HSP90 NTD and 
AMPK is higher than HSP90 MD/CTD, the binding affinity between AMPKα and 
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be the binding region of the two proteins. The strong bindings between HSP90 and the 
truncations of AMPKα subunit (1~200/1~312/1~392 amino acids) indicated that 
HSP90 might have multiple binding sites with AMPKα subunit, one or some binding 
sites might located in AMPKα subunit's catalytic area (1~200 amino acids).We also 
added some small molecules before and after the binding of HSP90 and AMPK to 
research the effect of small molecules in this protein-protein interaction, we found that 
the compounds which both interact with HSP90 and AMPK,such as Gambogic acid 
and a1, could disturb the interaction between HSP90 and AMPK, while 
HSP90-specific inhibitor Geldanamycin did not show the effect. 
 These findings not only enlarge the client group of HSP90, suggest a new 
mechanism for regulating tumor cell fatty acid metabolism, but also help to find a new 
way to screen the inhibitors which are more selective targeting the interaction between 
HSP90 and its client. 
 
 




























缩略词 英文 中文 
HSP90 heat shock protein 90 热休克蛋白 90 
HSPs heat shock proteins 热休克蛋白家族 
HSP70 heat shock protein 70 热休克蛋白 70 
AMPK AMP-activated protein kinase  依赖于 5’-AMP 激活的蛋白激酶 
GRP94 glucose-regulated protein 94 葡萄糖调节蛋白 94 
TRAP1 type 1 receptor associated protein I 型肿瘤坏死因子受体相关蛋白 
NF-kB nuclear factor-kappaB 核酸因子 kappaB 
eNOS endothelial nitric oxide synthase 内皮型一氧化氮合酶 
HBV hepatitis B virus 乙型肝炎病毒 
HEV hepatitis E virus 戊型肝炎病毒 
HCV hepatitis C virus 丙型肝炎病毒 
HSV herpes simplex virus 单纯带状疱疹病毒 
TNF tumor necrosis factor 肿瘤坏死因子 
c-Met/HGFP hepatocyte growth factor 肝细胞生长因子受体 
HOP HSP70/ HSP90 organizing protein HSP70/ HSP90 连接蛋白 
17-AAG 17-allylamino-17-demethoxy geldanamycin 17-丙烯胺基-17-脱甲基格尔德霉素 
GA geldanamycin 格尔德霉素 
RDC radicicol 根赤壳霉素 
GB gambogic acid 藤黄酸 
CM coumermycin 香豆霉素 
NB novobiocin 新生霉素 
E.coli Escherichia.coli 大肠杆菌 
IPTG isopropyl-1-thio-D-galactopyranoside 异丙基-β-D-硫代半乳糖苷 
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缩略词 英文 中文 
SDS-PAGE sodium dodecyl sulfate polyacrylamide gel electrophoresis 十二烷基磺酸钠聚丙烯酰胺电泳 
DMSO dimethyl sulfoxide 二甲基亚砜 
EGTA ethylene glycol tetraacetic acid 乙二醇二乙醚二胺四乙酸 
SA streptavidin 链霉亲和素 
PBS phosphate-buffeRed saline 磷酸缓冲液 
DTT DL-dithioerythreitol 二硫苏糖醇 
NBB 2-nitrobenzyl bromide 2-硝基溴化苄 
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第一章  前言 
 
1 HSP90 的研究概况 






HSP 首先是在果蝇体内发现的。1962 年 Ritossa 等人发现，将果蝇的培养温
度从 25℃提高到 30℃，30 分钟后就可在果蝇幼虫唾液腺多丝染色体上看到蓬松
现象（或称膨突 puff），提示这些区带基因的转录加强并可能有某些蛋白质的合
成增加[1]。至 1974 年，Tissieres 等才从环境温度提高的果蝇幼虫的唾液腺等部位
分离得到了 6 种新的蛋白质，即 HSP[2]。 
近年研究表明，HSP 普遍存在于从细菌至人类的整个生物界（包括植物和动
物）。HSP 在正常细胞中占细胞总蛋白的比例为 1-2 %，当细胞处于高温状态下，
比例提高到 4-6 %[3],除环境高温以外，其他应激原如缺氧、寒冷、感染、饥饿、
创伤、中毒等也能诱导细胞生成 HSP，因此，HSP 又称应激蛋白（stress protein, 
SP），但习惯上仍称热休克蛋白[4]。 
    绝大部分生物细胞生成的 HSP 分子量都在 80～110 kDa、68～74 kDa 和 18～
30 kDa 之间。不同分子量的 HSP，在细胞内的分布也有所不同[5]，例如，在酵母
中发现的分子量为 89 kDa 的 HSP 是一种可溶性的胞浆蛋白质，而分子量为 68 
kDa、70 kDa、110 kDa 的 HSP 却主要分布于核或核仁区域。 
HSP 在生物界中的一个重要特点是它们在进化过程中的高度保守性。例如。
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